From time to time, large volumes of bacteria may be required for purposes such as the isolation and identification of cellular components of metabolic products. Frequently a large quantity of one particular lot of cells is necessary so that enough replicates of an experiment may be performed to ensure a statistically valid result. For many reasons, replicate experiments may extend over considerable time, and therefore the stability of organisms becomes an important consideration in planning research problems. Reports on the survival of Serratia marcescens have been concerned either with the ability of stock cultures to yield viable subcultures after years of storage (Deacon, 1932) or with the quantitative recovery of dried cells (Rahn, 1945; Naylor and Smith, 1946 bach flasks, each containing 600 ml of medium. These flasks were incubated as the inoculum flask had been. The average viable cell population of the cultures was approximately 1 X 1010 cells per ml. The method of preparing the inoculum and cultures has been given in detail, because it was found that more than one intermediate broth culture between the slant and the final culture resulted in a considerably decreased viable cell population.
From time to time, large volumes of bacteria may be required for purposes such as the isolation and identification of cellular components of metabolic products. Frequently a large quantity of one particular lot of cells is necessary so that enough replicates of an experiment may be performed to ensure a statistically valid result. For many reasons, replicate experiments may extend over considerable time, and therefore the stability of organisms becomes an important consideration in planning research problems. Reports on the survival of Serratia marcescens have been concerned either with the ability of stock cultures to yield viable subcultures after years of storage (Deacon, 1932) or with the quantitative recovery of dried cells (Rahn, 1945; Naylor and Smith, 1946) . A search of the literature revealed no reports on the quantitative recovery of vegetative bacterial cells stored in an untreated condition. Such data on the quantitative recovery of S. marcescens stored as concentrates and as suspensions in several types of diluents were acquired as part of an experimental program not primarily concerned with storage of vegetative cells. The observations on the storage problems are presented to serve as a guide for those who have reason to store cells for experimental purposes and to stimulate the interest of other investigators in the problem.
MATERIALS AND METHODS Culture. Serratia marcescens, strain 8 UK, was used. Cultures were grown in Bacto tryptose broth with and without Antifoam A Emulsion' (in a concentration of I part per 1000) and in trypticase soy broth2 as follows: Two nutrient agar slants were inoculated from a stock culture and incubated for 24 hr at 30 C. The growth was washed from the slants with roughly 5 ml of tryptose saline (0.1 per cent Bacto tryptose and 0.5 per cent CP sodium chloride) per slant, and the resulting cell suspension was added to 600 ml of medium in a 2-L Fernbach flask. The flask was placed on a reciprocating shaker (sixty-eight 4½1 in. strokes per min) and incubated at 30 C for 24 hr. The resulting culture was used as inoculum (1 per cent) for 24 two-L Fern-bach flasks, each containing 600 ml of medium. These flasks were incubated as the inoculum flask had been. The average viable cell population of the cultures was approximately 1 X 1010 cells per ml. The method of preparing the inoculum and cultures has been given in detail, because it was found that more than one intermediate broth culture between the slant and the final culture resulted in a considerably decreased viable cell population.
Cell preparation. The set of cultures containiing the Antifoam A Emulsion was filtered through sterile gauze, as it was pooled, to remove the clumps of antifoam. Cultures containing no antifoam from sets of 24 Fernbach flasks were pooled without filtration. The pooled cultures were concentrated approximately 100-fold in a Sharples Supercentrifuge3 at 40,000 rpm. The cell concentrate was scraped from the centrifuge bowl with a sterile spatula and put into a sterile 8-ounce wide-mouth glass bottle which was then closed with a tin-foil covered rubber stopper. The average viable cell population of the concentrates was 1.05 X 1012 cells per g, and the average total solids content was 24 per cent.
Cell suspensions were prepared by mixing concentrate and diluent in a ratio of 1 g to 1 ml. The solutiorns used for suspending the cells were (a) 10 per cent Bacto skim milk, (b) 2 per cent Bacto tryptose, (c) equal parts of (a) and (b), (d) 2 per cent Bacto tryptose plus 2 per cent Bacto gelatin, (e) trypticase soy broth, and (f) 0.2 per cent Bacto gelatin plus 1 per cent Na2HP04* 12H20 (gel phosphate diluent). Suspensions were prepared when the concentrate had been stored at 5 C for 0, 14, and 28 days. Hereafter, these suspensions will be referred to as 0-day, 14-day, and 28-day suspensions. All concentrates and suspensions were stored at 5 C for 91 days in the sterile 8-ounce glass bottles closed with tin-foil covered rubber stoppers. Duplicate viable cell estimates were made at weekly intervals.
In one experiment, suspensions were prepared fromi 0-day-and 14-day-old concentrate, and to portions of these suspensions a 2 g amount of 7-day-old concentrate was added at 14-day intervals during the storage period. Five different lots of concentrate were used to 3Sharples Corp., Philadelphia, Pennsylvania. J. M. RILEY AND M. SOLOWEY make the additions, but the lots were prepared as uniformly as possible.
Efforts were made to standardize the handling of materials and to maintain as uniform conditions as possible. All handling of concentrates, including scraping from the centrifuge bowl, weighing, and mixing with diluents was performed by the same personnel throughout the course of the work.
Assay procedure. Duplicate 1-ml samples of cell suspension were measured into 99 ml of tryptose saline. Duplicate 1 g samples of concentrate were thoroughly mixed with approximately 10 ml of tryptose saline, then further diluted to 100 ml. The cells and diluent were shaken thoroughly and further 100-fold and 10-fold dilutions were prepared so that the three highest dilutions were expected to contain from 1000 to 3000 cells per ml. One-tenth ml volumes of the three dilutions were spread evenly over the entire surface of autrient agar plate with a sterile glass spreader. Tihe plates were dried in an upright position, then inverted and incubated at 30 Recoveries of viable cells from stored concentrates and suspensions of tryptose broth cultures were compared to the recoveries from corresponding preparations of cultures grown in tryptose broth plus Antifoam A and in trypticase soy broth. The viable cell populations of preparations from the two media, when plotted, resulted in curves almost identical to those in figure 1 and for this reason are not presented here. The viable cell populations at 91 days of storage are shown in table 2. The differences due to media were quantitative in nature; qualitatively, the suspensions had greater stability during storage than did the concentrates, and 14-day suspensions had greater stability than did 0-day suspensions.
One further comparison was made. The viable cell recoveries from concentrate and suspensionis were compared with those from suspensions to which 7-day-old concentrate was added during the storage period. It was found that addition of 7-day-old concentrate had no effect on the stability during storage of any suspension other than to increase the population of the suspension by the number of viable cells added. At 91 days of storage, the relationship between concentrate and suspensions prepared from it was the same as that shown in figure 1 .
From the limited work completed, a valid explanation of the results cannot be given. One might speculate that the factors responsible for the superior storage stability of suspensions made from 14-day-old concentrate were related to aerobiosis, buffer capacity, or nutrient content of the diluting fluids. If this wrere true, suspensions prepared from fresh conceiitrate should store as well as or better than suspensions prepared from a concentrate which had been stored for 14 days and had already lost 27.2 per cent of its viable cells. However, this was rilot true under the conditions of these experiments.
